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/ 9 C / ?  
3iis i s  an i n t c r im  r c p o r t  on a development program for  the  i n v e s t i g a t i o n  of 

strclctun.1 proprr t ies  of f i b e r  e l a s s  filament-wound prezsure  vessels a t  

cryogenic temperatures. 

The following tesks verc carrplcted during t he  period of  the r e p o r t :  

1. 

3 
d ' 

1.  

c / .  

Liner  evaluations were coi:tinucd throiwh the q u a r t e r  by l i q l i i d  hy6roG;En 

tee t ing  with the 7 l,/?-inch dinmeter b i a x i a l  spccinc.11. 

spechen was c y r l r d  TISO t i n r s  a t  36$ cf ul t im:  t e  (tSOO p s i ) ;  u elass 

f l s k e - l i n e d  spechlcn lt-nked vxcessivcly at a p res su re  o f  =TO p s i ;  ti 

M y L r  l i n e d  e;wcirnrn Icakcd cxccss ive ly  at 3OO €s i ;  and an I t - I ' i l rn  l i n e d  

specirnei~ leaked exccssivc ly ztt ?55 p s i .  

x ~ s  c:ic1cd twicc a t  53% of u l t i m a t e  (7.510 psi). 

k n icke l  l i n i d  

L.riothcr n i c k e l  lined rpeclmtn 

Or, the brle:s of tte r c - su l t s  t u  c'ete, t he  m c t a l r  ap?ptar to F ~ C ' W  the most 

premise 'IS i n t t % & r z l l y  bon-lcd 1irm-s. Due t o  it; excc l le r , t  ( y c l i c  behav- 

i c > r  t't 36% or u l t i m ; i t c .  (-43f'I), m o s t  3 . i .onble  d i f f c r f b n t i a l  con t rdcs lon  

c1,clr~c t t :- ir t ics,  and e:rsicct  m d  nost r2tisfL.c tLiy dcposit ion process ,  

PlcactroCepositcd n i c k ?  will be used ar the l i n c r  f o r  the  l f i - i nch  diam- 

t tcr ~ r c s m r e  vessels.  

Dtr tc, t h e  se l cc t iLn  of  a m e t d l l c  l i n e r ,  cons idcmblc  too l ing  drvr.lop- 

mcrlr, WLS ncccsszi7 to o n t i e - f u c t o r i l y  : ~ a l  the salt mandrel from thc 
?G-;roc:- dcpos i t i on  bcti i .  

d ip -coLt iw  orcrat ion qpTcarc to of fe r  zf solution to t k ~  problcrn. 

t o o l i n g  w-s a l c o  complctcd to r i c i d i z e  the wlt-s tc t .1  m n d r c l  Fnttrfr?r*c 

t o  n;nlaizc f l a u m l  \IC. r i n g - c p r e s s i o n  forces during seal cocttiruz, 

e:<- i ti 

Ai a c r y l i c  l a q u e r  cuotiw made bar a i*tpeatpd 

Re- 

t poc ltion , and fi lrmcnt winding. 

I 
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N O T I C E S  

When U.S. Government drawings, specifications, o r  other data are used 
f o r  any purpose other than a def in i te ly  related government procure- 
ment operation, the government thereby incurs no responsibi l i ty  nor 
any obligation whatsoever; and the f a c t  that the government may have 
fomulated, AUpished, o r  i n  any way supplied the said drawings, 
specifications,  o r  other  data I s  not to  be regarded by implication o r  
otherwise a0 i n  any manner licenaing the holder o r  any other person 
o r  corporation, o r  conveying any rights o r  permission to manufacture, 
use, or se l l  any patented invention that may i n  any way be related 
thereto. 

This document may nei ther  be reproduced nor published i n  any form i n  
whole or In part wlthout p r i o r  approml of MAsA/Lewls Research Center. 
Gincc th i s  i s  a progress report, the information herein is t en ta t ive  
and a b j e c t  to changca, corrections, and modifications. 

.. 



TI i s  re:?ort was preyared 'cy t!ie Dmglas :iircraf% Company, T n c . ,  
;:issile and ?,pace . : ~ i , e r ; ~  i l iv i s ion ,  m?er L;.:;.A Cont rac t  l3.2 3-25(;2. 
7his i : ivest igat ion w a s  l n i t i a t e d  b;: L e w i s  iiesearch Cen ie r  of I :MA 
t o  6etenli i .e the  structural properties of fi.:?er glass f ' i L a n e n t -  
wwnd  pressure  * r e s s e l s  at cryogenic teaperatcres. The w x k  i s  be-  
in;, nc!,lli:;isterec! by Xr. ;Tares E. 3ar?,er, C';er;dcnl Docke? Eystexs 
Dlv i s ion ,  f i .ALA./kwis Research Center, 21000 Sroo!:pr:c Road, Cleve- 
la??, C'? iO.  

This i s  -.he thLrd q u a r t e r l y  prot;ress r e p o r t  and  co-iers work dore 
between 3. Ja:.!iary 19 54 and 31 1!?;h. 

1ncl::ded among those who coopemied I n  the research  and  the ~ r e p e -  
r a t i o c  Df the  present  r epor t  were: J .  '!. %t1i,  J r . ,  I n v e s t i g a t i o n  
Director, \ Y .  C .  L a m i s ,  and 9. J .  Col tys idc ,  i 'dvmre Space Technol- 
o,y; R .  B. Lantz,, LIaterlals Rpseerch and  Froduction ?let,kcds; R .  T .  
?faffenber,?er, ?2& Tooling; E. Yeamn,  7z;ineering R search  m d  De- 
velopment Labora tor ies ;  aid P. \,'. Yoc'J.c;r, R e l i a b i l i t y .  

3iis  doctnent, na:r reither be :'enroc?,ticed nor  pxhlis!:ed i n  R::Y f o m  
i n  whale o r  i n  par% witiioiJt the p r i o r  approval  of IW;.'i/IJewis Ee- 
search  Cell  ter . 



.% "Vi l ( X S  . . . . . . . . . . . . . . . . . . . . . .  

iOEEWORI)  . . . . . . . . . . . . . . . . . . . . .  

i L > U  A i b . l , ' L  . . . . . . . . . . . . . . . . . . . . .  I - -..- . , ~ , ~  

""R(jUUC'-' '0" 
i i i  L Ll. 1 Y  . . . . . . . . . . . . . . . . . . .  

FEb9P-I 1 CES . . . . . . . . . . . . . . . . . . .  

DI l;?'fiI E'LKiIOh! I ,.I ZT . . . . . . . . . . . . . . . . .  

iii 

i v  

V 

v i i  

X 

1 

3 
L;' 



LICT OF ILLUSTRATIONS 

'3 
L -  

h 

5 

15  

L 7 

Fil-ament Wound Sub-Scnle  P-re:rure ' Jessel  - 5 
14iI N'cke l  L i r x r  (SPQ-15) - BePore Tert ........... 5 

5 N i l  N i c k e l  L ined  Snrcimen (SFy , - l< ; )  - After 250 
C; ic le .  c z t  jt;$ of Ultirnate .......................... 6 

5 Mil Nickel- Lille:: Specinen (?T'V:-l<) - A f t e r  250 
Cyc'l.es st 3~::;": of  Ultimate .......................... 7 

Gla. r Flnlre Lit:ed S:>ecsirnen (SP'C-3) - After Tect .................. (i."alte Mater in l  ir? 3ctton of ~r1.g) 9 
Glas;:; Flake Lir.e? S-ecirlen (ZFV?-9) - Afte r  Tc: c ... 10 

Frc:.:-i.siTet :on 11i::tcry - N ; r I . a r  "A" ~,-::ied Specimen 
(:?n-i ;) .......................................... 1 3  

Elylar Lined niecjr?en (SPVl-lT) - 4f te r  TcFt ........ 14 

h?:.l.nr Lined  S1,eciinen (SFVI-17) - After TcFt ........ 1 5  

Pre: mrri ;-st?'on H i  -t,cry - Il-Fi.h 1,: ped 2-ecircn 
16 ( S P ' r - 2 1 )  .......................................... 

H-Film L i c e d  Svecinen (.3FV'c -Fl) - After Ter t ....... 18 

Fi-e::;uriration i!?: -tor;- - N1:ckel L l n e d  S;.ecl.?en 
(srv3-8) ........................................... 19 

v i i  



LIST OF ILLUSTRATIOPiS (CONT’D) 

18 

I? 

20 

21 

22 

23 

24 

25 

26 

31 

32 

33 

34 

35 

36 

Biaxia l  Te r t /S t r e s s -S t r a in  D i n g m ,  Glass Flake Line r  
(SPV2. f 1: Liauid HyCIrogcn (-&23OF), In: t i a l  Cycle - -  
Hoop . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

B i a x i a l  Test/Stre&s-Strain Diagrm, Mylar Liner  
(SPVl-17). Liquid Hydropen (-123”F), I n i t i a l  Cycle  .-- 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Eioop 36 

E i a x i r r l  T o c t / S t r c s s - S t m i n  Dj . agMm 
(sPvc-;I~),  Liquid pgdrogpn (-L::~’E j ,  I n i t i a l  cyc le  - -  

H-E? lm Ljner  

I ioq  . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

-_ - -__ - - - - - - - - - - - - -  , Cycle 3 .. b n g i k i C i n e l  . . . . . .  I+ 5 

Liner  (SPV3-t), Liquid Hydrogen (-423°F) . . . . . . . .  46 
B i a x i a l .  TPstlI’rcssure vs. HOOD ElongatSon, Nickel 

Fztigue L i f e  o-f Fiberglass Prcssurc Vessels . . . . . . .  4.i 

Crycgenl‘c Paq - Vscuim - Jpc:ketcd Tnuisfer L i n c s  
Vcnt S t w k s  . . . . . . . . . . . . . . . . . . . .  49 

v i :i. i 



I . ,  

LIST OF ILLUSTRATIOfjS (COEX’D) 

PAGE 

3 9 Cisyogenic Runp - Steel Mesh Protcction Ccge arid 
. . . . . . . . . . . . . . . .  Xi7b i 1 Cart In stcl l  a t ior. 50 

LO Pressure Vessrl T e s t  Schematic fsr T”N2 and LY2 - -  
Burst and C y c l i c  Tests 

Eiberglass Tdrk End Fttting Seal 

. . . . . . . . . . . . . . . .  51  
--I . . . . . . . . . . .  13 41 



LIST OF TABLES 
-. 

n 
L 

3 

7-1,/2 Inch Di.?.?eter Srechen  Ter - tbg  ............... 
L i q u i d  HydroGen I’ol;xer Liner Behcvior 

7-1/2 Irtch Llianleter S;!eclxen StRtuz 

............. 
................ 

9 1  
L A  

22 

24 

X I 



SECTION 1 

This document is t h e  t h i r d  quarterly progress r e p o r t  f o r  Contract  N-de r  

NAS 3-2562, sponsored by NAsA/LeKIs Research Center, Cleveland, Ohio. 

proJect i s  a 16-month development program div ided  i n t o  four phases .  

schedul ing of t h e  four phases has been ar ranged  t o  pelmit t h e  r equ i r ed  

"closed loop" between design, t e s t ,  and f a b r i c a t i o n .  

The 

The 

The Phase I effor t  inc ludes  the orde r ly  i n v e s t i g a t i o n  and recommendation of 

l i n e r  materials and r e s i n / f i b c r  g l a s s  c o m p s i  + "e s s u i t a b l e  for  use with e i t h e r  

l l q u i d  n l t v e n  o r  l i q u i d  hydrogen. Liner  materials under i n v e s t i e a t l o n  were 

Mylar, Tedlar ,  H-Film, polyurethane fi lm, glass flakes, and electrochemically 

depos i ted  n i cke l ,  s i l v e r ,  and copper. Three d i f f e r e n t  rcsin systems were 

chosen for  eva lua t ion  with S994 g l a s s  f i laments .  

- 

Two 18-inch diameter by 24-inch long f i lament-wcmd preGsure vessels will be 
designed and f a b r i c a t e d  for t e s t i n g  with l i q u i d  hydrogen. 

Twenty 18-inch diameter  by 24-inch long pressure v e s s e l s  w i l l  be f a b r i m t e d  

-~ ir. Phase I1 f o r  t e s t i n g  with e i t h e r  l i q u i d  n i t rogen  or l i c u i d  hydrogen. 

f a b r i c a t i m  schedule w i l l  be paced by t h e  testing schceuln s ince  t h e r e  i s  9 

p o s s i b i l i t y  of r e v i s i n g  the  vessel dcsign, a6 t h e  t es t  program p r o p ~ s s c s ,  i n  

order t o  provide an  acceptab le  failure mede. 

0 
PI- --- 

The 

The Phase I11 e f f o r t  consists of burs t  and cyc l jng  t t - s t s  of cmsll-Ecale f i b e r  

g l a s s  f i lament -wucd p res su re  vessels a t  l i q u i d  n i t rogen  tcmpeisturr. The 

Pk;asc I V  e f f o r t  consists of burst and cycling teGts  of small-scale fJber  

glass f ilament-wound p res sx re  vessels a t  l i q u i d  hydrogen temperature.  

I_ - . -..- 

-I- 

'=he o b j e c t i v e s  of I?ms;es I11 and IV are: 

1. Determlnation of b u r s t  strm&hs at -32Q°F m d  -hP:*F- 

2 .  Determination of n m h r  of cyc les  requi red  t o  fail t he  fi1mer.t- 

wwmd pressure vessels a t  6 6 ,  70$, e@, and ss;b o f  u l t ima te  

pressure d e t e m i n e d  i n  (1) above. 



I r .  Ectflbiishment of the  eft’lciency paramrtcr FV/W, using burst 
prp&sure for P and t o t a l  vessel w i g h t  for W. 

2 



I n  Phase I, t h e  ob,lPc+ive i s  to design mid develop :mll-r;cale t ' iber ~ ~ A S S  

f i imFnt -wocnd  p r c r m r e  vrsse l c  to con ta in  cryngeclc f l a i 2 s .  To rct:cl; this 

goal, Dr>ui;?as i s  c m d u c t i r g  c+n order ly  i n v e s t i g a t i m  of i i n t r  materi&ls m d  

f i b e r  glass  r e s i n  composites for c r y o g m l c  cpplicatioris.  ?I.- mt,eria:s pirid 

processes b e i r i  used i n  the smclll-scale f i b p r   lass +anks tire &Is0 suitable 
fo r  w e  in full-scale tanks.  

Dur:ry t h i s  piffisc. i iner  compatibility and mtc-rial properties hrive ?yen tic.- 

txImiwcl by  waris o f  test coc1por.s and ma11 c y l i n d e r s .  

+,he 1 i n t . r  nrd f f b e r  g l a s s  inc!ude t e n s i l e  yield arid u l t i r n i t a  s t r e n g t h ,  rn,>du- 

lus of' elasticity, ultimate elongation, cyclic.  retj istmce, c o e f f i c i e n t  i f  

tht-:mi1 cont rar t io r ,  and drrs i  t y .  "hc p e m e n b i l i t y  o f  t h e  3 i n c r  t.0 p s r c y : s  

n i t r o F e n  t a d  hydrogen ha& a lso  been dctcrmincd.  On t h e  basls u f  1rfmmat:on 

( > b t a i n c d  (?ur?ng the prev ious  two qurirtcre ( rcferenccs i ar.d CP) iu id *.his 

q w r t c r ,  the fo1lovlr:g miterials lave bcen choscn, with t h e  advice  arid ap- 

vrova1 of the USA/ /wis  Pmpl~im f i i ra ,yr .  f o r  fvb r i ca t lon  of the  l i j - i n r h  

rlitmeter by Zb-inch l v n p  filunent-w0ur.d prcssiire vesscls (two such Y W - F ; C . ~ L  

i n  fl-x-se I): 

The yr r>p t - r t i r e  of  

I , i n t r :  5 mil ( 0 . 0 0 ~ " )  electrodeposited nickel - Electroforms T P C .  

E510 Cnide I 

Hecin System: Rakeli te ERLA O5lO/Wel  ite ZZIA%~O~.  

All oi' the l i n c r  n a t e r i d r  havc been tested as ccuponr and  r c g u l t s  ax-r rc- 

pc;rtcd i n  the First Q m r t e r l y  Progress Report (refc1.enc.e 1 1.  



Ail t-oefficiert of twn t rac t ion  testing h R s  bt-aen completed ( r e f c r e n c e  i). 

A burs t  t e s t  at a n  i n t e r n a l  pressure of l i l v 7  psi had tt?cr, made during the 

secord qiihrtcr v i t h  (i 5 ru i i  elcctrodeposi ted-nirkel  l i n e r  (:FV3-lL ) .  Other 

t e s t s  w i t h  Trd!clr (Sfl1-1;) tind I i - F i l m  (SFT;Il-X) l i n e d  spccimens rhowed h l F h  

!clzknpt f r r  thefie mtttrrials at l t 4  psi ar.d 388 p s i  r e s p e r t l v e l y .  

i 
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A n  a t ' , c q t  - 6 s  m d c  +9 cycle a ?-mil nickel l i n e d  ~peciner: (SFV3-E) a t  1XW 

y s i ,  w h i c h  represents approximately 7& of ult,Fm;itc burst prescr i r r .  

press*irization was inaCleauAte to reach 1200 p s i .  The 6pr1-irner-1 wns r e c h i l l c d  

and  tiit. hei jum boost was used; t h e  specimen went tbrcugh t w o  cycles to 1200 
P E L .  The spccimen failed a t  tile pee.k of the  second such cyc le .  I t  w t s  d i s -  

covered l t t t c r  that t h e  wronp; calibratl .cn f a c t o r  hcd been up-plied t o  t!ic i n -  

s t l ~ i n ~ n t  risCCi to  m c n i t o r  the nrc~su,re and the last two  cycle^ were to 1540 

psi  mther  t b n  t h e  d c s i r t d  1200 ? E i .  The p r e s s u r i z a t i o n  history 1~ ShC,hTI 

i n  f i p r e  14 m d  the  fa l led  :,uechen i n  f igure  lj. 

ilrnp 

Press i l r iza t ion  r;t,min 
Et?% f o r  t he  y 2 . l l  %:! !:i?li:z -wcye j.;$ 'min ?,?6 l C ; . l % / n i f i  i-e6p?thY?;:;. 

M c c h m i r a l  p royer t i t - s  datp i s  F i v e n  in SecCtor! ;'.>.:. 

Tables  1 and 2 sunmulrize t h e  t e s t i n g  to date of t he  biaxi:il veszcls and  l i n e r  

blc.Iu%vlOr. r8.s ccn b e  Seen from ?hble 2, no p o j p c r  has becn cclpahle of a 
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TABLE 2 

n 

5 
';r 
d 

0 
8 
0 

n * 
U 

c 
0 
4 

n 
d 
VI 
P4 n 

r( U 
U, 
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SPV1-1 
2-1' 
2-2 

1-3 

3-4 
1 - 5  
2-6 

1-7 
3-8 
2-9 

3-10 
1-11 

3-12 
1-13 

3-14 

3-16 

1-1.a 

2-19 

2-1 4 

1-15 

1-37 

1-20 

2-21 

2-22 

2-23 

1-24 

7 1/2-INCH DJJMEXTR TEST SPECIMEN STATUS* 

LINER 

Mylar 

Mylar 
Si lve r  

Polyurethane 

Nickel 

Tedlar 

Copper 

H-Mlm 

K'ickel 

Glass Flakes 

Polyurethane 

Piickei 

Tedlar 

Tedlar 

Nickel 

Nicke l  

Mylar 

Nickel 

Mylar 

Polyurethane 

Copper 

H-Film 
H-Film 

STA!TIJS 

&imaged-available 

Tested 

Tested 

Tested uninstrumented 
buret 

Tested 

Tested 

Available 
Available 
Tested 

Tested 

Tested 

Tested 

Available 

Tested 

Ruined 

Tested 

Avai lable  

Tested 

Tested 

Available 

Available 

Te s t e d  

Tested 

Polyurethane Ava i lab1 e 

Polyurethane 

S i l v e r  

P.vailable 

Tested 

Fabrication as of 3-31-64 * 
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To c stab1 i s h  a pcrformr-nce stcindard and choice of elcct.rir.al resl stance 
s t r a i n  C;a&er- for  work w i t h  t h e  18" dimcter  V C E E C ~ S ,  an  e l ec t rodepos i t ed  

silver l i r i e e  sy.cctmcr; (SV-L)  wns i n s t m e r i t e d  wi+,t: two typcs of seiectes 

Plectricn? res:sbncc s t m i n  gages, Type No. S420 and Ty-pc Eo. m-620 p a p s  

wide by t h e  h d d  C c J m n y .  Six gages were Ir.stslled on the specimen. In 
addi t icm.  the n o m ~ l l y  u s t d  hoop and four lonp; i tu2iral  mechanical deflection 

eagcs were installed for cor re l a t ion  of the d a t a .  

"hc : ~ e r ~ ' m n  bas Fr€sSt?rl.xd a t  l i q u i d  hydrogen tmtpemturc. 

appmxFmR11y PL?) p s i ,  2!i5 p s i ,  5k? psi, and ( 0 5  p s i  r e m c c t i v e l y  were made. 
Liquid hydroCen was used to  i n i t i a l l y  precsurizc *,e q e c i n e n  on a l l  four 
cycies :  R helium boost wns requtred on t h c  l ~ s t  two  cycles. The gages were 

bonded t o  the  fibcr Flass s t r u c t u r a l  wall with t iemro 731~3,/7139 p o l y ~ i r e t ~ m n e  

adhesive. Rmmination of o s c i l l o g x q h  data i nd ica t ed  c m l e t e  loss of the 

g a p  c i r c u i t  upon i n i t i a l  p ress i i r iza t ion  Kith most of the  p q e s  and the  re- 

wtjning ~ a f c r  W:*F c r m t i c  i n  c t r t iSn  i n d i c a t l u n .  R~asc;rnLL:~. E-rcumte rcs\;l ts 

Four cycle@ of 

. -  
~ F I * * >  t jx)&i t c t ~  to t,iz'iii.ns O F  16 (rei~1t-r.t e :  , - $ - A i )  U ~ L L  0 ~ 3  i i  ~ ~ i s  :,tat L A C  LaY<. 

The V H C U - ~  chmbtr which was used f o r  t h c  7 l / 2 - inch  d iumtc r  by X)-!nch 1onR 

filament-wound t e s t  cy l inc? r r s  w i l l  also be used for testing t h e  18-inch d i m -  

r t e r  by 2 4 - h c h  long pressure vessels. 

prope r  l o c a t i o n  of new d p f l e c t j o n  p g e  p o i n t s ,  and (2 )  t o  b e t t e r  seal a l l  i n -  

terior f:ttings i n  order t o  hold the mcmm for  insulation 
i d e n t l f i c o t i o n  of vessel  fail i irc.  In  n d d i t i o n ,  the twnsfer facilities have 

been reworked ard ~ a c i i m  jacketed. Installed cryoeenic pump i s  shown In 

f i p r e s  3 and 39. 

Rework was requi red ,  ( i )  to  F e n n i t  

puqcses rind 

The t e s t  cchenatic i s  shown i n  figure 40. 

The 7 l\L.-inch d i r m t c r  c y l l n d e r s  ere sealed, us ing  a mechanical i nden ta t ion  

tcchn:ye to  lock the l iner ,  backed by t h e  fibeT1ass flanpe, aea.lnst t h e  

test p l a t c r .  This  method hks sealed thcce spccimens sufficiently t o  perfom 

the tests required to  ?ate.  @ne dicndvmtac-e  of t h i s  seal is t h r t  vhen t h e  

mer~ticinic.a.1 seal is effected,  the ! i v p r  i s  deformed. TPle seeled specimen can 

n o t  be rcr;e;led rc-1inbl.y if the sca l  should be remove2 f o r  en intearmil 

inspec t ion .  

chatrbcr vacuum ?-rid a6 a conscqucnce both I n s i d a t i o n  and chmher rressure i n -  

d i c a t i o n s  are l o s t ;  loss of in su la t ion  cf iusts  cxceesive b o i l - o f f  i n  the  tes t  

A more irzportant d i radmntage  i s  that leakage causes 1066 of 



I 1. 



3 
t- 

Cryog=Ac Pump - Wire Mesh Protection cage and Mobil 
ca r t  i n s t aXRt io i  

FIGbiE 39 



FIGURE 40 



specinen ar.d a s s o c i a t e d  pi?ing w i t h  at.t,enhnt. Si.i.h_s~.qi.i.~nt r :k ! i .Udm-  

p r e s s u r l z a t i o n  problcmG, and l o s s  of chamber p r e s s u r e  i n d i c a t i o n  w&es it 

impossible t o  determine t h e  p o i n t  of l i n e r j s h e l l  f a i l u r e  f o r  anything o t h e r  

than ca tx is t rqhic  f a i l u r e .  

To provide a be t t e r  seal f o r  the 18-inch diarneter V C E G ~ ~ S ,  discussions were 

t e l d  with peisozmei at the C r p g e n i c  E n g i n e e r i t q  l abo ra to ry  of  the National 

%rem of Standards. "heir recommendations have led t o  t h e  eva lua t ion  of a 

sleeve confiried O - r i n g  des;@ (figure 4 1 ) .  Resealing I s  mssible with on ly  

t h e  i rxwr t ion  of a new eleastomer O - r i n g .  Tcst ing he6 been done with a 3" 
dip-meter cy l inde r .  which was f ab r i ca t ed  exact ly  8 6  t he  i n t e g r a l  vessel end 

fi t t , ini;s .  A f a b r i c a t i o n  

defcc', i n  thc t e s t  c y l i n d e r  has prevented making a p x i t i v e  s e l e c t i o n  a t  t h e  

p r e s t n t  timc. 

Vorious size 0-rir-gs have been t e s t e d  a t  -330°F. 

2.3.1 Design 

The geozcs i c - i so t enso id  dome shape has been determined R E  o u t l i n e d  by Read 
(rr.I 'erencc l e )  ~ r , d  hddi t ior ,a l  in fomat ion  f o r  geometricai propert.ies h 's  been 

dctr-ii l e d  by Z t m c  ( r e fe rence  1::). 

A r a t i o n a l  method f o r  s e l e c t i n g  fiir-ment s t r e n g t h  e n d  ce lLula t ing  wall 

strengths has bcen repurted by Dims ( r e fe rence  2 0 )  bind has  been followed f o r  

t h i s  program. 

The i n t e g r a l  end f i t t i n g  design has becn governed by providing a smooth tmn-  
sition between t h e  shell rrnd i i t t i n g  and the need t o  p u t  the tiipered edge  of 

t h e  f i t t i n g  beyond the  dome i n f l e c t i o n  p o i n t .  

2 .3 .2  Tool i re  

The handling f i x t u r e s  f o r  t r anspor t ing  the  mcndrel within t h e  p P n t  were 

adapted from existing fixtures. 
mendrcl to t he  Vendor have been &signed ond f a b r i c a t e d .  Three small foam- 

cushioned cmtl les  urcd  tcl hiincilc clnd t r d n s p o r t  the Loq>leted >:Esse1 from Y k ~ e  

shipping con ta ine r s  m e d  t o  t r a n s p o r t  t h e  

0 
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O;.iginplly, t h i ee  m r d r e l  Enaft units were f k b r i c z t c d  f o r  t h i s  progrem by  

mod: Tfn& :I! e x i s t i n g  18" Cimleter by 24" long i l lamcnt-i ,~inding sa l t  mrrdrPl 

siLafc ciceign. ~ i t ? l  m n d r c l  siiafi unit consists of an  o u t e r  shal t  which r l i d e s  

on an i m e r  shPfL. 

I 

End it ti^^ mmdre lc  wc.re designed axid fabricc;,ted t o  s l i p  over  t h e  cridr of 

t he  s h a f t  t n C  b u t t  a g a i n s t  the sa l t  to provide h c ~ n t ' L n ~ t , i i s  siArf'ace fc r  t h c  

?epuz l t ion  of the Electroformed l i n e r .  

Thr i n t c  r facc 1 ) f ' t w c n  the  crid - f i t t i n g  mindre1 and mnnd1.F.i s h a f t  i s  scaled 

w:th z inc c h m m t e .  A t  t h e  J o i n t  of the sal t  and  m c t a l  mandrels, ar. acetdne 

; X : C C ;  b ~ d y  r..:tt;,r (:vkitotA's 5 U I ' f a C I  1-1 \ is used t o  fiil the  , joiri t .  This body 

nii t ty i s  hand sitnded smooth to shcpc, 

On the : i r e t  a t t empt  t o  seal t h e  outcr s h a f t ,  imer  sha f t .  sa l t  cEs t ;na ,  ani 

c n d  Ti t t l n s  mncircl combination, the end f i t t i n g  mr.drels ,  wh ich  a r e  mounted 

d i i e c t l y  t o  t h e  inncr shaft. move6 a t  t h e  s a l t  i n t e r f a c e  ;hl-nevcr tkc inner 
c:tl:i t t mowc? jn f1cY1irc .  This damgcd th. :~:'1 'it ? h i s  : n i n t ,  r?nd leeks h e -  

c r a w  c- i idcnt  d i i r h g  ?,he vr-ter so:& t c c t s .  l l r i * c - f c ~ r c ,  t k e  rhafts wcre rtworked 

t o  y r o v  idc i i  s t i f f ' t  r sitpport,. 'This wds accompl ishcd b y  l e r q t h e n i n g  t h e  ou ter  

A a f t  t c  t h e  i e n g t h  of t h e  irmcr c h a r t .  ?it.. rLfw s h n i t h  were completed wi th in  

a w e e k .  

0 

Three c c t s  of o u t c r  ond  i m e r  m n d r e l  shafts and e n d - f i t t i n g  mndrels have 

been c o q l e t r ~ ? .  The shafts have bccn designed t o  f i t  s a l t  s l u s h  molding f ix -  

tlire zriapters,  ti:e s e a l i n g  f i x t u r e  adapters ,  find the f i l m r J n t  winding machine 

a c l n p t c n .  A l l  t h e  Haaptcrs a re  avai l rble  f o r  this U S E .  

ZIP s l u s h - r m l d i r !  cquipmcr,t used to  cast sal t  mcndrt ls  i s  used without  

mod i f 1 c u t  i m  , 
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b b r i t i r r l  , ' e r iz l  iOO3: 

i n g  on $001. 
to xork ,  t h c  ral t ws rcmovc ci from the steel s k f t .  

??lie mandrel n s  ca:t while i n v e s t L g a t i m s  w c r e  con t inu -  

hie t o  t n c  rtdcrign of t h e  shaf ' t ,  mid c y p r t n t  h a b i l i t y  of k003 

- blandre1 Stdrial ,lO@L: 
s ti f': sha f t I rig . 

This w i l l  be the first mandrel c a s t  on t h e  redesigned 

,':I ::o tf:r,tc d w; t h  the woodcn n r ~ n d r t l l  was an zdvancec! i ~ r r ~ n a t i c l n - t e n r i c ~ I ;  device 

i n s t z l l c d  on thc winding mchirie. The t ens ion  is no t  apg l i cd  t o  the rovings 

mt i l  8 f t c r  i q r e g n n t i o n .  Impregnation i s  done i n  a small dip tank. 
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Due t o  the se l ec t iv r i  of a metallic. liner, t he  problem of e f f e c t i v e  s a l t  seal- 

ing had to t e  sol-Jed. 'ITLe yrevi j i is  buglas IR&D program hc-d showti t h e  feas i -  

b i l i t y  o f  'die prOicS:i, bu t  b c t t c r  r e x l t s  had t o  be obtained f o r  a q u a l i t y  

p rocuc t .  Ucing s m a l l  s a i t  surrples, a n  e f f e c t i v e  seal t;as t e e n  made. Smooth- 

1116 01' s ~ r - f i c c  p i t s  with a high tpmperature wax has tieeli c x c e l l e n t l y  accom- 

p l i s h e d .  

t i o n  of (1) FVC (?olyvl:iylchloride), and ( 7 )  an a c r y l i c  lecquer .  

method did ncjt provide Ln adcquate s e a l .  

i'VC an? ttc a c r y l i c  lacquer ,  when subjected to  t h e  t e s t  ti!vironment--185 F 
nqueou:, bLLtri for t w o  hours .  "he a c v l i c  lhcque r  i s  u r d  f o r  t he  i 8 - i n c h  

di;mcttr v e s s e l s  s i n c e  it  bonds t o  the stilt t c t t c r  than the  WC. A 1Ul s i z e  

It)," d i a m t t c r  sa l t  w d r e l  wds ust d t o  optimize the  dip coa t  ope ra t ion .  

Thc seLling i n v c s t i g a t i o n  wns mcic with both a syray  and d i p  opem- 

??le spmy 

The d i p  method worked with both t h e  
0 

b.fter being w x h i n i d  t h e  mandrel was d i p  c a r t e d  with a 5 G / S O  ac ry l i c /&ce tone  

mlzctKre. 

dipping 1/2 m y  m d  rutcitiw by hard. 

m i l  t h i c k  with 4 mil waves. 

n r d  t .xercis in8 p r e c i s e  r o t a t i o n  control, t he  waves disappeered. The r o t e t i o n  

used was in t h e  inwe of 12 RPM. 

~c-ctsx-ie dip coa t ings  were npy;licd. This ipplied a seal cotit of cpproxlm3tely 

3 to  5 mils. This i s  the proceciurt. u x d  t o  seal the  sa l t  w n d r e l .  A sm11 d i p  

tank i s  u m i l a b l e  and used i n  conjunction k i t h  the s lush  m o l d i n g  f i x t u r e .  k 

water submersion t e s t  i s  ;hc f'inp.1 accepLm(-c t e s t  for t h e  s c a l e d  salt mandrel 

D L ?crnblj-. 

This was w a z l x d  o f f  aid a 2'0jbO <<crylic/acr-tonP coat was aTplicd by 

This dcposited a coat a p p r o x i m t e l y  1 

After i n s t a l l t n g  a motor to ro t a t e  the mandrel 0 
This c a i t  WGS l e f t  on and two 25/75 acrylic/ 

2.3.2.5 Fribri c a t  ion of S a l t  Mandrels 



The ol;,jrctiT;c o f  Fhasc I1 i s  t o  fnb r i ca t c  20 mal l -sca le  f i b e r  glaGs fjlriment- 

woimd pressure vesse ls  f o r  cycl IC an2 bus t  tes t ing  at -:2O"F :-nd -423OF. The 

tarns will bc dcsigtrci f o r  a nominri3 proof  p rc smre  of' 5 0 0  y s i  &rid a nominal 

b u r s t  prccsurc of 600 p s i .  

may p-Jssibly ila*Jt? t o  b e  rcvisrd duririg t h e  f t b r i c n t L 1 n  y c r i o d :  thercfc  re, the  

f a b r i c a t i o n  i s  set  up on a n  intermittent product ion  schedule. 

To pi-ovide t h c  desired mode of' f a i l u r e ,  t h c  design 
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SECTION 4 

PRASE 111 - STRENGTH AND CYCLING TESTS AT - 3 2 0 ~ ~  

The objective of -ne I11 is t o  deternine the ultimate strength and cycling 

capabi l i ty  of 10 small-scale f i b e r  glass filament-wound vessels a t  l iqu id  

nitrogen temperature. 

know the  maximum pressure the vessel can withstand and how many cyclic 

loadings can be applied a t  a given s t ress  level .  

b i l i t y  i s  self-explanatory. Cycling t e a t s  are important In any evaluation 

of filament-wound pressure vesaela with l i n e r s  because differences In s t r a in  

charac te r i s t ics  of the resin/f iber  glans system and the l i n e r  material may 

cause u l t ima te  failure of the system. 

In any pressure vessel design, it l e  necessary to 

Ultlmte pressure c a p -  

Girth and longitudinal s t r a in  measurements are necessary for evaluating the 

tank and l i n e r  during cycling tests and f o r  collecting meaningful data. O f  

equal importance i s  the measurement of gas content i n to  the burs t  chamber 

during the tests, because t h i s  measurement v i l l b e  an indication of l i n e r  

breakdown under cyclic loads. 

0 

Phases I11 and IV of the proposed program c a l l  for testing the 18-inch dia- 

meter x 24-inch long vessels manufactured in  Phsse 11. 

to be used as the pressuriz;lng fluid i n  Phase 111, while l i qu id  hydrogen 1s 

used in  Phase N; other than th i s ,  the tW0 phases are ident ica l  in proof 

PF~BSUIW, pressure cycling requlremente, and data to be obtained. 

L i q u i d  nitmgen l s  

A t  +his point of the prodect, work in t h i s  phase I s  that reported wader 

pert inent  discussions i n  Section 2.2.3. 



SECTION 5 

PHASE IV - STRE;" AND CYCLING TESTS AT -423°F 

The obJective o f  Phere IV ie to dotexmine the e f f e c t  of -423OF on the ulti- 

mate strength and cycling capability of 10 small-ecale filament-round f i b e r  

glass tanks. The data sought here Is the same as in Phase 111. 

As s tated in Section 4, the only difference between the test procedure of 

Phase I11 and Pbase I V  I s  that Phase I V  use6 liquid hydrogen rather than 

liquid nitroBen. The t e s t  set-up and Instrumentation W i l l  be used without 

any changes. 

A t  th i s  p o l n t  of the project ,  work i n  t h i s  phase I s  that reported under 

p e r t i n e n t  discussions In Section 2.2.3. 
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C. meetlw m s  h e l d  with t h e  e l ec t rodepos i t i on  vendor early i n  January. 
vendor was very cooperat ive and gave every i n d i c a t i o n  that h e  w i l l  comply 

K i t h  the p r o j e c t  r e a u i r e m n t s .  F u r t h e r  infoxmil c o n t a c t s  w i t h  t h e  vendor 

s!icucd t b a t  he considerably Improved his  quillty c o n t r o l  procedures. 

The 

I n  Vkrchh, Qirlity Englneering performed a fo1l.o~-up qizallty standard and proc- 

ess control survey of the  vendor. This s u r v e y  i n d i c a t e d  that the electrodede- 

p n s i t i o n  vcndor has m e t  t h e  rcqtrirements for t h i s  c o n t r a c t .  

Due to  previous smtter i n  t h e  reported elongation \-rrlues of ba tches  of e lec-  

trLdcposited n i c k c l  by the vendor Find t h e  data &+dined f r o m  roupons of  the 

.'LW bet ~ t - 1  Ly ~YIVJ / I I - ;E ,  r: clohr-_. P.wmlnat.j.rJn r > f  f }!e t,ert br'lc e ~ i i ~ r - ~ ~ ~  <\f t , o t  i i  

rrmpanles w-s made. As a r e s u l t  of t h i s  examination, bugles testing of a 

rcmple  batch of e l ec t rodepos i t ed  n i c k e l  u s i q  E l c c t r o f o m s  Inc.  s l z c  8r.d s k p e  

t m s - i l ~  specimen, and cnrefkl machining of t h e  s p e c h e n  to s ize ,  producrd data 

in t h e  s m e  magnitude as Electroforms Inc.  c h t r i ;  i . o . ,  

l&$ Elorqation (rouglas) 

17% E? m g a t l o n  (E2rc trofcims Insn. ) 

k met ing  vh8 h e l d  w i t h  the vendor, represerC8tives  of Dowlns, and t h e  ? M A  

Pro;ect bhnsgt,r in Mzrch to f'urthcr inform the vendor of the in te res t  i n  h i s  

qurc;i ty or1cl 1 X C ' € S C  ccntro! . 

60 



The m r k  e>Tcctcd to bc c o q l e t e d  dur ing  the t h i r d  q u a r t c r  of tlie propram 

i s  l i s t e d  below: 

3 .  Two 18-inch dicmeter pressure vecsels f o r  Phase I wK.1 be 

fzbric c t c d  and  tes ted t i t  -423OF. 

2. Fhsse I1 f a b r i c a t i c n  w i l l  commice. 
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